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Description 

[0001] The present invention relates generally to the 
field of information display, and in particular to providing 
a visual display relating to the results of a database 
search. 

[0002] It is well understood that information visualiza- 
tions provide insights to the underlying data. For exam- 
ple, for any given set of information, new information re- 
garding patterns or relationships can be obtained by 
looking at attributes of the information. It is often useful 
to view the attributes of the information in a hierarchical 
structure. However, a difficulty lies in displaying large 
hierarchical structures in a limited display area. 
[0003] EP-A-435,601 discloses a technique for dis- 
playing and manipulating three-dimensional represen- 
tations of a tree structure which have rotating substruc- 
tures. 

[0004] US-A-4,752,889 describes a graphic display 
that shows links between chunks of knowledge. The us- 
er, with mouse clicks, can obtain a display of links from 
a displayed chunk of knowledge to other chunks of 
knowledge, which are added to the display. Screen 
scrolling mechanisms allow movement from one area of 
the overall graph to another. 

[0005] EP-A-535,986 describes a method for center- 
ing a selected node of a node link structure along a 
centering line. The nodes are in rows, and each row ex- 
tends across a centering line with links between nodes 
in adjacent rows. When a user requests a centering op- 
eration for an indicated node, a sequence of images is 
presented, each including a row that appears to be a 
continuation of the row with the indicated node and that 
includes a continued indicated node that appears to be 
a continuation of the indicated node. 
Furnas, G.W., "Generalized Fisheye Views," CHI '86 
Proceedings, ACM, April 1986, pp. 16-23, describes 
fisheye views that provide a balance of local detail and 
global context. Section 1 discusses fisheye lenses that 
show places nearby in great detail while showing the 
whole world, showing remote regions in successively 
less detail; a caricature is the poster of the "New Yorker's 
View of the United States." Section 3 describes a degree 
of interest (DOI) function that assigns to each point in a 
structure, a number telling how interested the user is in 
seeing that point, given the current task. A display can 
then be made by showing the most interesting points, 
as indicated by the DOI function. The fisheye view can 
achieve, for example, a logarithmically compressed dis- 
play of a tree, as illustrated by Fig. 4 of Furnas for a tree 
structured text file. Section 4 also describes fisheye 
views for botanical taxonomies, legal codes, text out- 
lines, a decisions tree, a telephone area code directory, 
a corporate directory, and UNIX file hierarchy listings. 
Section 5 indicates that a display-relevant notion of a 
priori importance can be defined for lists, trees, acylic 
directed graphs, general graphs, and Euclidean spaces, 
unlike the geographical example which inspired the met- 



aphor of the "New Yorker's View," the underlying struc- 
tures need not be spatial, nor need the output be graph- 
ic. Fig. 6 of Furnas shows a fisheye calendar. 
[0006] EP-A-447,095 discloses a processor which 
5 presents a sequence of images of a workspace that is 
stretched to enable the user to view a part of a work- 
space in greater detail. The workspace includes a mid- 
dle section and two peripheral sections that meet the 
middle section on opposite edges. Each of the sections 
appears to be a rectangular two-dimensional surface 
and they are perceptible in three dimensions. When the 
user is viewing the middle section as if it were parallel 
to the display screen surface, each peripheral section 
appears to extend away from the user at an angle from 
the edge of the middle section so that the peripheral sec- 
tions occupy relatively little of the screen. When the user 
requests stretching, the middle section is stretched and 
the peripheral sections are compressed to accommo- 
date the stretching. When the user requests destretch- 
ing, the middle section is destretched and the peripheral 
sections are decompressed accordingly. 
[0007] It is the object of the present invention to pro- 
vide for the visualization of database search results. 
[0008] The present invention provides a method for 
visualizing tree structured information as defined in 
claim 1 . 

[0009] The invention further provides a computer con- 
trolled display system according to claim 5 of the ap- 
pended claims. 

[0010] In present invention, atree structure is mapped 
to a static reference surface which is visually perceived 
as three-dimensional. The reference surface is com- 
prised of a detail area where detail of the tree structure 
is displayed and a context area for displaying other por- 
tions of the tree in less detail but which conveys to the 
viewer a sense of context. The tree structure may be 
scrolled about the reference surface to bring portions of 
the structure into a direct detail view while retaining a 
context view of the overall tree. 

[0011] Figure 1 is a block diagram of computer con- 
trolled display system in the currently preferred embod- 
iment of the present invention. 

[0012] Figure 2a illustrates a tree structure laid out on 
a plane. 

[0013] Figure 2b illustrates the tree structure of Figure 
2a which has been mapped to a reference surface of a 
preferred embodiment of the present invention. 
[0014] Figure 3a illustrates a reference surface which 
is perceived as three-dimensional as is utilized in a pre- 
ferred embodiment of the present invention. 
[0015] Figure 3b is a side view of the reference sur- 
face of Figure 3a with respect to a user viewpoint. 
[0016] Figure 4 is a flowchart of the general steps per- 
formed when creating the visualization in a tree struc- 
ture in a preferred embodiment of the present invention. 
[0017] Figure 5 is an example of a tree structure 
showing the results of a database search organized 
based on user specified preferences. 
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[001 8] Figure 6 is a flowchart of user interactions that 
may be performed in a preferred embodiment of the 
present invention. 

[0019] Figure 7 is a flowchart of the steps performed 
for generating the visualization of a tree structure in a 
preferred embodiment of the present invention. 
[0020] Figure 8 is a flowchart of the steps for creation 
of the tree structure in a preferred embodiment of the 
present invention. 

[0021] Figure 9 is a flowchart of the steps for laying 
out a tree structure onto a plane in a preferred embod- 
iment of the present invention. 

[0022] Figure 1 0 is a flowchart of the steps for scroll- 
ing the tree structure about the reference surface as 
may be performed in a preferred embodiment of the 
present invention. 

[0023] Figure 1 1 illustrates a data structure for a node 
in a preferred embodiment of the present invention. 
[0024] Figure 1 2 a screen display of a tree view of the 
results of a database search in a preferred embodiment 
of the present invention. 

[0025] Figure 13 is a screen display showing a high- 
lighted path, in a preferred embodiment of the present 
invention. 

[0026] Figure 14 is a screen display showing a high- 
lighted path after it has been scrolled into view, in a pre- 
ferred embodiment of the present invention. 
[0027] A method and apparatus for visualization of the 
results of a database search is described herein. In the 
following description numerous specific details are set 
forth, such as data models for representing a tree struc- 
ture, in order to provide a thorough understanding of the 
present invention. It would be apparent, however, to one 
skilled in the art to practice the invention without such 
specific details. In other instances, specific implemen- 
tation details such as the system calls for causing a tree 
structure to be displayed on a screen, have not been 
shown in detail in order not to unnecessarily obscure the 
present invention. 

[0028] Hierarchically related information is often rep- 
resented as a tree . As used herein, the term node will 
refer to a point on the tree structure. Each node includes 
pointers to a parent node, a child node and a sibling 
node to create the tree structure. A root node is the high- 
est level node. Leaf nodes are the bottom level nodes. 
[0029] When a tree structure becomes large, it may 
be difficult to present the entire tree on a display area in 
full detail. Thus, it may be difficult to trace that path of a 
node. Further, it is often desirable to know where a par- 
ticular node in a tree structure is located in order to un- 
derstand the context of the data. The present invention 
addresses this by providing a three-dimensional context 
view of the tree which can be scrolled. 
[0030] It should be noted that a tree is in the general 
class of node-link structures. As will become apparent 
in the description below, the present invention could be 
implemented so as to support other node link structures. 
[0031] Various techniques are known in the art for ren- 



dering three-dimensional images on two dimensional 
display screens. However, manipulating three-dimen- 
sional images is computationaly intensive. Often, ex- 
pensive 3-0 graphics hardware is used in order to render 
5 images in an acceptable timeframe. The present inven- 
tion avoids the need for using sophisticated hardware 
to provide a three dimensional visualization which can 
be manipulated. In the present invention, a three dimen- 
sional reference surface is created, about which the in- 
fo formation moves. This provides for seeing the entire 
composition or path to the end nodes of a tree structure. 
[0032] As will become apparent in the description be- 
low, a preferred embodiment of the present invention 
provides visualizations of the results of a database 
15 search (often, important information can be determined 
by examining relationships between the various search 
results.) However, it would be apparent to one of skill in 
the art to apply the present invention to other hierarchi- 
cally structured information. 

20 

Overview of a Computer Controlled Display System in 
the Currently Preferred Embodiment of the Present 
Invention 

25 [0033] Referring to Figure 1 , the computer based sys- 
tem on which the currently preferred embodiment of the 
present invention may be implemented is comprised of 
a plurality of components coupled via a bus 101. The 
bus 101 may consist of a plurality of parallel buses (e. 

30 g. address, data and status buses) as well as a hierarchy 
of buses (e.g. a processor bus, a local bus and an I/O 
bus). In any event, the computer system is further com- 
prised of a processor 1 02 for executing instructions pro- 
vided via bus 101 from Internal memory 103 (note that 

35 the Internal memory 103 is typically a combination of 
Random Access and Read Only Memories). The proc- 
essor 1 02 will be used to perform various operations in 
support of creating the tree visualizations. Such opera- 
tions that would be performed by the processor 1 02 are 

40 described with reference to Figures 6-1 0. The processor 
102 and Internal memory 103 may be discrete compo- 
nents or a single integrated device such as an Applica- 
tion Specification Integrated Circuit (ASIC) chip. 
[0034] Also coupled to the bus 101 are a keyboard 

45 104 for entering alphanumeric input, external storage 
1 05 for storing data, a cursor control device 1 06 for ma- 
nipulating a cursor, and a display 1 07 for displaying vis- 
ual output. The keyboard 1 04 would typically be a stand- 
ard QWERTY keyboard but may also be telephone like 

50 keypad. The external storage 1 05 may be fixed or re- 
movable magnetic or optical disk drive. The cursor con- 
trol device 106, e.g. a mouse or trackball, will typically 
have a button or switch associated with it to which the 
performance of certain functions can be programmed. 

55 [0035] The currently preferred embodiment of the 
present invention is designed for use on a commercially 
available IBM compatible computer system available 
from various vendors, and which is running the Microsoft 
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Windows 3.1 Operating System. The Windows operat- 
ing system provides for the use of multiple workspaces 
concurrently. The operation of Windows-like operating 
systems is well known in the art. 
[0036] In operation, the currently preferred embodi- 
ment of the present invention will also make use of var- 
ious user interface facilities. The cursor control device 
is used to position a cursor located on the display to a 
desired location (i.e. "point" to the desired location). 
When the cursor control device is positioned (i.e. point- 
ing) to something on a display, the button associated 
with the cursor control device may be depressed and 
released in order to invoke an action. This is referred to 
as a "click". A different function may be invoked if the 
button is depressed and released twice in succession. 
This is referred to as a "double click." When a user points 
to an object on the display, depresses the button and 
holds it down, the object will follow the cursor and be 
placed at the location on the display where the button is 
released. This is referred to as a "drag and drop" or 
"drag" operation. 

Overview of the Tree Visualization 

[0037] Figures 2a and 2b illustrate the visualization of 
a tree structure in the currently preferred embodiment. 
Figure 2a illustrates a tree structure 201 which is pro- 
jected onto a plane 202. Referring to Figure 2b, the 
same tree structure 201' has been mapped onto a ref- 
erence surface 203. The reference surface 203 has a 
center panel 204 sharing an edge with a top panel 205 
and a bottom panel 206. The center panel 204 has a 
rectangular shape while the top panel 205 and bottom 
panel 206 have trapezoidal shapes. 
[0038] Although not illustrated, the reference surface 
may be rotated by 180 degrees. This may be done if it 
is desirable to have a vertical representation of a tree 
structure. Further, the various levels of the tree structure 
of Figures 2a and 2b are aligned in columns. As will be- 
come apparent in the description below, such an align- 
ment reduces processing computations for scrolling of 
the tree structure across the reference surface and does 
not effect the underlying nature of the tree structure. 
However, it would be apparent to one of skill in the art 
to practice the present invention with a tree structure 
where the various levels are not vertically aligned in col- 
umns 

[0039] The reference surface provides visual cues so 
that the visualization is perceived as three dimensional. 
Figures 3a and 3b illustrate the reference surface in 
greater detail. Figure 3a illustrates a reference surface 
as displayed. The reference surface 300 is comprised 
of a center panel 301, a top panel 302 and a bottom 
panel 303. The top panel 302 is perceived as folded 
back from center panel 301 at fold edge 304. The bottom 
panel 303 is perceived as folded back from center panel 
301 at fold edge 305. In order to provide visual cues as 
to three-dimensions (i.e. it is folded back) the top panel 



302 and bottom panel 303 have different fill patterns 
than center panel 301. Further, the background of the 
reference surface may also be shaded to provide the 
three-dimensional visual effect. 

5 [0040] Figure 3b is a side view of the reference sur- 
face 300 with respect to user viewpoint 306. From Fig- 
ure 3b, it is readily observed that the user viewpoint 306 
is orthogonal to center panel 301, whereas information 
on top panel 302 and bottom panel 303 are not. Accord- 

10 ingly, information in top panel 302 or bottom panel 303 
are viewed in perspective. 

[0041] It should further be noted that the size of the 
display area for the reference surface may change. In 
the currently preferred embodiment when the width of 

15 the display area changes, all the panel widths corre- 
spondingly change. However, if there is a change to the 
height of the display area, only the center panel will 
change height. This is done to show the maximum 
number of nodes in detail while retaining context. And 

20 as will be described in greater detail below, it negates 
the need to update look-up tables used in creating the 
three-dimensional effect of the tree structure. 
[0042] Figure 4 is a flowchart describing the general 
steps performed for the rendering of the present inven- 
ts tion's visualization of a tree structure. First, perspective 
transformation look-up tables for the top and bottom 
panels are created, step 401 . These look-up tables are 
for creating the display data for portions of the tree struc- 
ture on the top and bottom panels. The look-up tables 

30 are static for the durations of the visualization. In a pre- 
ferred embodiment, each look-up table stores 3000 
sample points for transforming an orthogonal view to a 
perspective view. Values between the sample points are 
obtained through interpolation. Techniques for creating 

35 such a look-up table to create a perspective view are 
well known in the art. Thus, further description on the 
generation of sample points in the look-up table is not 
deemed necessary. Next, the tree structure (i.e. the 
node/link pointer data) is created or otherwise obtained, 

40 step 402. Creation of the tree structure is dependent on 
what the structure represents. In a preferred embodi- 
ment, a hierarchical view of the results of a database 
search are embodied in the tree structure. A description 
of the creation of the tree structure in a preferred em- 

45 bodiment is provided below. Once the tree structure is 
created or obtained, it is mapped to the reference sur- 
face by the following steps. First, the tree structure is 
laid out on a two dimensional plane, step 403. Initial lay- 
out of the tree structure will center the tree on the refer- 

50 ence surface. Subsequent layouts, e.g. as an effect of 
scrolling, will cause the layout positions to move. In the 
laying out step, each node will obtain a planar address. 
The tree is then rendered onto the reference surface, 
step 404. This is accomplished by transforming the 

55 plane coordinates for the nodes to screen coordinates 
using the look-up tables generated in step 401 for nodes 
in the top and bottom panels and direct scaling for nodes 
in the center panel. 
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[0043] When the visualization is presented to a user, 
the reference surface is displayed and the tree structure 
overlaid. The user invocation of and processing for 
scrolling of the tree structure is described in greater de- 
tail below. 

[0044] The rendering of the visualization is less com- 
putationaly intensive because of the assumptions that 
the user's point of view is constant, i.e. orthogonal to the 
center panel and that the top and bottom panels are 
symmetric. However, it retains the benefit of a three-di- 
mensional representation of viewing both context and 
detail concurrently. 

[0045] The present invention is now described in ref- 
erence to a preferred embodiment of viewing the results 
of a database search. However, it would be apparent to 
one of skilled in the art that the visualization of the 
present invention could be used for viewing any infor- 
mation capable of representation in a tree structure. 

Information Visualization of Database Search Results 

[0046] In a preferred embodiment of the present in- 
vention, a database maintains a collection of docu- 
ments. Each document has multiple indices by which it 
can be referenced. The present invention allows the re- 
sults of a database search to be organized and viewed 
in a manner based on these indices. The indices used 
for organization and viewing may be different from the 
indices used for the database search. The indices which 
a user specifies by which they would like to view the 
search results are termed preferences. 
[0047] The preferences that a user specifies are or- 
dered. A first preference is used to create the top level 
of the tree structure, a second preference the second 
level, and so on until the bottom level of the structure 
which are representations of the individual items of the 
search results (i.e. the documents.) Typically, the tree 
structure created from the search results will be shallow 
(the number of specified preferences plus 1 ) and broad 
(the number of documents in the search result.) A label 
on each node will indicate the corresponding value for 
the preference. Figure 5 illustrates an example of a view 
of a search result. In this view, a first preference is Au- 
thors, a second preference is Type and a third prefer- 
ence is Date. Referring to Figure 5, atop level 500 iden- 
tifies three authors, Allen (node 501), Bowers (node 
502) and Card (node 503). Following the Allen branch, 
in the second level of the hierarchy, Type, a grouping 
504 of document types is specified, namely Spread- 
sheet (node 504a), Report (node 504b ) and Memo 
(node 504c). From the third level of the hierarchy, it is 
observed that the spreadsheet is dated 6/15/93 (node 
505a), the report dated 12/1/93 (node 505b) and the 
Memo on 6/30/94 (node 505c). Finally, we see that from 
the bottom level of the hierarchy the documents asso- 
ciated with the Allen branch (nodes 506-508). 
[0048] Following the Bowers branch, it is observed 
from the second level that documents authored by Bow- 



ers are of type Graphics (node 509a) or Code (node 
509b). The documents of type Graphics were dated on 
1/1/93 (node 510a) and the code on 5/15/94 (node 
51 0b). Finally, the documents associated with the Bow- 

5 ers chain are indicated in nodes 511-514. 

[0049] Following the Card branch, it is observed from 
the second level that documents authored by Card are 
of type Audio (node 51 5a) or Image (node 51 5b). From 
the third level, the documents of type Audio are dated 

10 3/24/94 (node 51 6a) and the documents of type Image 
are dated 2/16/94 (node 5116b). Finally, the documents 
associated with the Card branch are defined by nodes 
517-519. 

[0050] In a preferred embodiment, each database 
15 that may be searched will have default preferences that 
may be used for viewing a tree structure. 
[0051] It is also worth noting that the preferred em- 
bodiment operates within the parameters of a window 
system. For example, a display view may only show a 
20 portion of a tree structure because the window has been 
sized to be smaller than the actual size of the window 
display area. 

[0052] The preferred embodiment of the present in- 
vention is further described with reference to the flow- 

25 chart of Figure 6. Referring to Figure 6, a user first se- 
lects a database and performs a database search, step 
601 . Once the search is completed, the user may then 
specify how they would like to view the search results. 
In a preferred embodiment the user may view the results 

30 as a list of documents or in a tree structure. The user 
selects the tree view, step 602. In the preferred embod- 
iments, the various view options are represented as 
icons which the user selects by a point and click opera- 
tion. Other means of view selection, e.g via a pull-down 

35 menu could be used. Once the user selects the tree 
view, they must specify the preferences upon which to 
build the tree structure, step 603. In a preferred embod- 
iment, a user may select up to 5 preferences. The pri- 
mary limitation being the size of a typical display. It 

40 would be apparent to one skilled in the art to allow a 
fewer or greater number of preferences. 
[0053] The tree structure for the view is then created 
and displayed based on the search results and the pref- 
erences, step 604. The manner in which the tree struc- 

45 ture is built is described in greater detail below. At this 
point, the user may highlight a document path, view a 
document or cause a document to be retreived from the 
database. It should be noted that in a preferred embod- 
iment of the present invention, each node is capable of 

50 being selected by a point operation using the cursor con- 
trol device. For any operation, the user first points to a 
desired node, step 605. Highlighting the document path 
through the tree structure is invoked by a single click of 
the cursor control device. The highlighting is accom- 

55 plished by displaying the path in reverse video (see Fig- 
ure 12). Before highlighting it must be determined if the 
document node corresponding to the pointed to node is 
in the center panel, step 606. If the document node is in 
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the center panel, the document path is highlighted, step 
608. If the document node is not in the center panel, the 
tree view is rotated (i.e. scrolled) to bring the document 
node into the center of the center panel, step 607. This 
scrolling is done automatically. When completed, the 
document node will be centered in the center panel and 
the path highlighted per step 608. 
[0054] Viewing a document, step 609, is invoked by a 
double click of the cursor control device. The viewing 
mechanisms of a preferred embodiment provide for re- 
trieval of the corresponding document and for presen- 
tation on a window in the display. Retreiving a document 
for editing purposes, step 610 is accomplished through 
a drag and drop operation (into a predefined work area). 
Note that in a preferred embodiment, the node pointed 
to need not be the document node. It could be any node 
in the tree hierarchy which ultimately point to the desired 
document. 

[0055] The creation and rendering of a tree structure 
in the currently preferred embodiment is described with 
reference to the flowchart of Figure 7. Referring now to 
Figure 7, the underlying tree representation is created 
from the search results and the provided preferences, 
step 701. In a preferred embodiment, the tree consists 
of virtual nodes, the inner nodes which correspond to 
the preference values, and actual nodes, the leaf nodes 
(displayed in the rightmost column) which correspond 
to the documents resulting from the search. In a pre- 
ferred embodiment, the creation of the tree is accom- 
plished through recursive calls to a software program 
called AddNode. A flowchart outlining the functionality 
of AddNode is provided in Figure 8. AddNode takes as 
input, a parent node and a document. In creating the 
tree AddNode is called for each document, specifying a 
root node as the parent node. Referring now to Figure 
8, the value of the preference, say X, for the current 
depth in the hierarchy is obtained, step 801 . This would 
involve examining the database to determine the value 
of the index corresponding to the preference. A search 
is then made to determine if any child node has the value 
X, step 802. If no child node has the value X, then a new 
virtual child node having the value X is created, step 
803. The depth of the hierarchy is then incremented, 
step 804. A check is then made to determine if the max- 
imum depth in the hierarchy has been reached, step 
805. If it has, then an actual node is created whose par- 
ent is the child with the value X (i.e. the current child), 
step 806. If a child having value X exists, then AddNode 
is recursively called with that child as the new parent, 
step 807. 

[0056] Referring back to Figure 7, the tree structure 
is then laid out on a plane, step 702. It should first be 
noted that in a preferred embodiment each level in the 
hierarchy is in a column (which is not visible) of the dis- 
play window. The steps for laying out the tree structure 
on a plane are illustrated in the flowchart of Figure 9. 
Referring to Figure F, the tree is traversed to count the 
number of nodes at each level in the hierarchy, step 901 . 



Each level will form a column so a node count for each 
column is created. In a preferred embodiment, each 
nodes when displayed is 80 X 20 pixels in size. Thus, 
the size of a column can be readily determined. This will 

5 correspond to the number of nodes in a column. Next, 
a bounding rectangle for each column is determined, 
step 902. The bounding rectangle is based on the 
number of columns, the number of nodes in each col- 
umn, and the dimensions of the display window. The 

10 bounding rectangle will encompass all the nodes in a 
level of the hierarchy. The tree is then traversed to place 
the nodes in the plane in terms of plane coordinates, 
step 903. For the placement, the x coordinate is deter- 
mined by the nodes depth in the hierarchy and the 

15 number of levels in the hierarchy. The y coordinate is 
determined by the node's position within the column as 
the tree structure is traversed. 

[0057] Referring back to Figure 7, the tree layout is 
then rendered on the reference surface, step 701. This 

20 is accomplished by transforming the plane coordinates 
to display screen coordinates. The transformation that 
takes place depends on the panel. As described above, 
the reference surface relates to the plane in that it mere- 
ly folds at predetermined vertical fold locations (i.e. at a 

25 particular Y-coordinate in the plane). So determination 
of which transformation to use requires examination of 
the Y-coordinate of the node. For the center panel, plane 
coordinates are scaled to the those of the reference sur- 
face. For the top and bottom panels look-up tables are 

30 used to apply perspective transformations on the plane 
coordinates. For each of the top and bottom panels two 
look-up tables are used. One look-up table maps plane 
y-distance from a panel fold to screen y-distance. A sec- 
ond look-up table maps plane x-distance from the center 

35 to screen x-distance from the center. 

[0058] As described above with respect to Figure 6, 
when a leaf node is in the top or bottom panel and the 
path to that leaf node is selected, scrolling of the tree 
may occur. Figure 1 0 is a flowchart describing the steps 

40 for scrolling. The scrolling of a preferred embodiment is 
intended to provide animation. It has been determined 
that animation aids the users perception of what is oc- 
curring. To accommodate animation, the scrolling oc- 
curs in animation steps with a total animation time of 0.6 

45 seconds (which has been determined to be optimal). 
Referring to Figure 10, First the distance each column 
of the tree will need to travel is determined, step 1 001 . 
In a preferred embodiment the selected nodes, its an- 
cestors and its children will be centered on the reference 

50 surface. The distance that must be traveled in each an- 
imation step so that the most distant column will get to 
its destination is then determined, step 1002. This dis- 
tance is based on the time required for recent tree ren- 
derings. This distance will provide an offset for each col- 

55 umn for each animation step. The animations steps are 
then performed, step 1003. Here, tree is rendered on 
the reference surface incrementing each column's offset 
towards its destination at each step until all of the col- 
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umns are at their final destinations. 

Internal Representation of a Node 

[0059] Figure 1 1 illustrates a data structure for a node 
in a tree structure in the currently preferred embodiment 
of the present invention. The structure is comprised of 
a plurality of pointers 1101 -1104 and a layout address 
for the node, 1 1 05. The pointer 1101 points to a parent 
node, the pointer 1 1 02 points to a child node, the pointer 

1 1 03 points to a sibling node and the pointer 1 1 04 points 
to document information. The pointers 1101-1103 are 
typical for a tree structure representation. The pointer 

1 1 04 is used to point to the document itself. The layout 
address 1 1 05 contains the address for the node with re- 
spect to the plane as generated in the layout plane step 
described in Figure 9. 

Screen Displays of the Currently Preferred 
Embodiment. 

[0060] Figures 1 2-1 4 "Copyright 1 994, Xerox Corpo- 
ration" (17 U.S.C. 401) are screen displays illustrating 
the information visualization of database search. Refer- 
ring to Figure 12, a tree of a search result is illustrated. 
Here we see that various nodes have been rendered on 
the top and bottom panels. Figure 1 3 illustrates the high- 
lighting of a node along with its descendant nodes. Re- 
ferring to Figure 1 3, the node 1 301 is selected and high- 
lighted. This results in the descendant nodes 1 302-1 305 
to also be highlighted. Finally, Figure 14 illustrates a se- 
lection which causes scrolling. Assuming the starting 
position as illustrated in Figure 12, node 1401 is select- 
ed. The descendant nodes 1402-1411 are then scrolled 
to the center panel and highlighted. Note that nodes 
have scrolled off the center panel and onto the bottom 
panel. 



Claims 

1 . A method for visualizing a tree structure represent- 
ing hierarchically related information, said method 
comprising the steps of: 

a) displaying a static reference surface (300) 
on which said tree structure is displayed, said 
static reference surface having a first area for 
showing a first portion of the tree structure com- 
prising a first plurality of nodes in detail and a 
second area for showing second portions of 
said tree structure comprising a second plural- 
ity of nodes lacking detail; 

b) determining (702, 703) a layout of said tree 
structure relative to said static reference sur- 
face; 



c) mapping (404) said tree structure to said stat- 
ic reference surface based on said layout to 
create tree display data; 

5 d) displaying (604) said tree structure on said 

static reference surface; 

e) selecting (605) a desired node from said sec- 
ond plurality of nodes displayed in the second 

10 area; 

f) remapping (607) said tree structure to said 
static reference surface (300) to bring the se- 
lected node into the center of the first area; and 

15 

g) returning to step d). 

2. The method as recited in Claim 1 , wherein step e) 
comprises pointing to said desired node using acur- 

20 sor control device (1 06). 

3. The method as recited in Claim 1, wherein step b) 
comprises aligning various levels of said tree struc- 
ture in columns. 

25 

4. The method as recited in Claim 1, wherein step f) 
comprises scrolling said tree structure across said 
static reference surface (300). 

30 5. A computer controlled display system for visualizing 
a tree structure, comprising: 

means (102, 103) for generating a static refer- 
ence surface (300) on which said tree structure 
35 is displayed, said static reference surface hav- 

ing a first area for showing a first portion of the 
tree structure comprising a first plurality of 
nodes in detail and a second area for showing 
second portions of said tree structure compris- 
40 jng a second plurality of nodes lacking detail; 

layout generation means (1 02, 1 03) for gener- 
ating a layout of said tree structure relative to 
said static reference surface; 

45 

means (102, 103) for mapping said tree struc- 
ture to said static reference surface based on 
said layout to create tree display data; 

50 display means (107) for displaying said tree 

structure on said static reference surface; and 

cursor control means (106) for selecting a de- 
sired node (605) from said second plurality of 
55 nodes displayed in the second area, whereby 

the means (102, 103) for mapping said tree 
structure are adapted for remapping said tree 
structure to said static reference surface to 



25 
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bring the selected node into the center of the 
first area and to cause the display means for 
displaying the remapped tree structure. 

6. The system as recited in Claim 5 further comprising 5 
means for causing automatic remapping of said tree 
structure when a desired node is selected. 

7. The system as recited in Claim 5 or 6 further com- 
prising means for highlighting a document path in 10 
said tree structure. 

8. The system as recited in Claim 5, 6 or 7 further com- 
prising means for enabling viewing a document 
from said tree structure. 15 

9. The system as recited in any of Claims 5 to 8 further 
comprising means for enabling retrieval of a docu- 
ment for editing from said tree structure. 

20 

Patentanspruche 

1. Verfahren zum Visualisieren einer Baumstruktur, 
die hierarchisch aufeinander bezogene Informatio- 25 
nen darstellt, wobei das Verfahren die folgenden 
Schritte umfasst: 



g) Zuruckkehren zu Schritt d). 

2. Verfahren nach Anspruch 1, wobei Schritt e) das 
Zeigen des gewunschten Knotens unter Verwen- 
dung einer Cursor-Steuervorrichtung (106) um- 
fasst. 

3. Verfahren nach Anspruch 1, wobei Schritt b) das 
Ausrichten verschiedener Ebenen der Baumstruk- 
tur in Spalten umfasst. 

4. Verfahren nach Anspruch 1, wobei Schritt f) das 
Rollen der Baumstruktur Ciber die statische Bezugs- 
oberflache (300) umfasst. 

5. Computergesteuertes Anzeigesystem zum Visuali- 
sieren einer Baumstruktur, das umfasst: 

eine Einrichtung (102, 103), die eine statische 
Bezugsoberflache (300) erzeugt, auf der die 
Baumstruktur angezeigt wird, wobei die stati- 
sche Bezugsoberflache einen ersten Bereich, 
in dem ein erster Abschnitt der Baumstruktur, 
der eine erste Vielzahl von Knoten umfasst, im 
Detail gezeigt wird, und einen zweiten Bereich 
aufweist, in dem zweite Abschnitte der Baum- 
struktur, die eine zweite Vielzahl von Knoten 
umfassen, nicht im Detail gezeigt werden; 

eine Aufbau-Erzeugungseinrichtung (102, 
1 03), die einen Aufbau der Baumstruktur in Be- 
zug auf die statische Bezugsoberflache er- 
zeugt; 

eine Einrichtung (1 02, 1 03), die die Baumstruk- 
tur auf der Grundlage des Aufbaus auf der sta- 
tischen Bezugsoberflache abbildet, urn Baum- 
Anzeigedaten zu erzeugen; 

eine Anzeigeeinrichtung (107), die die Baum- 
struktur auf der statischen Bezugsoberflache 
anzeigt; und 

eine Cursor-Steuereinrichtung (106), mit der 
ein gewunschter Knoten (605) aus der zweiten 
Vielzahl von Knoten, die in dem zweiten Be- 
reich angezeigt werden, ausgewahlt wird, wo- 
bei die Einrichtung (102, 103), die die Baum- 
struktur abbildet, die Baumstruktur erneut auf 
der statischen Bezugsoberflache abbildet, urn 
den ausgewahlten Knoten in die Mitte des er- 
sten Bereiches zu rucken und zu bewirken, 
dass die Anzeigeeinrichtung die neu abgebil- 
dete Baumstruktur anzeigt. 

6. System nach Anspruch 5, das des Weiteren eine 
Einrichtung umfasst, die die automatische Neuab- 
bildung der Baumstruktur bewirkt, wenn ein ge- 



a) Anzeigen einer statischen Bezugsoberfla- 
che (300), auf der die Baumstruktur angezeigt 30 
wird, wobei die statische Bezugsoberflache ei- 
nen ersten Bereich aufweist, der einen ersten 
Abschnitt der Baumstruktur, der eine erste Viel- 
zahl von Knoten umfasst, im Detail zeigt, und 
einen zweiten Bereich, der zweite Abschnitte 35 
der Baumstruktur, die eine zweite Vielzahl von 
Knoten umfassen, nicht im Detail zeigt; 

b) Bestimmen (702, 703) eines Aufbaus der 
Baumstruktur in Bezug auf die statische Be- 40 
zugsoberflache; 

c) Abbilden (404) der Baumstruktur auf der sta- 
tischen Bezugsoberflache auf der Grundlage 
des Aufbaus, urn Baum-Anzeigedaten zu er- 45 
zeugen; 

d) Anzeigen (604) der Baumstruktur auf der 
statischen Bezugsoberflache; 

50 

e) Auswahlen (605) eines gewunschten Kno- 
tens aus der zweiten Vielzahl von Knoten, die 
in dem zweiten Bereich angezeigt werden; 

f) erneutes Abbilden (607) der Baumstruktur 55 
auf der statischen Bezugsoberflache (300), urn 
den ausgewahlten Knoten in die Mitte des er- 
sten Bereiches zu rucken; und 
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wunschter Knoten ausgewahlt wird. 

7. System nach Anspruch 5 oder 6, das des Weiteren 
eine Einrichtung zum Hervorheben eines Doku- 
mentenpfades in der Baumstruktur umfasst. 

8. System nach Anspruch 5, 6 oder 7, das des Weite- 
ren eine Einrichtung umfasst, die das Betrachten ei- 
nes Dokumentes aus der Baumstruktur ermoglicht. 

9. System nach einem der Anspruche 5 bis 8, das des 
Weiteren eine Einrichtung umfasst, die das Abrufen 
eines Dokumentes zum Bearbeiten aus der Baum- 
struktur ermoglicht. 



Revendications 

1. Procede pour visualiser une structure d'arbores- 
cence representant des informations apparentees 
de maniere hierarchique, ledit procede comprenant 
les etapes consistant a : 

a) afficher une surface de reference statique 
(300) sur laquelle est affichee ladite structure 
d'arborescence, ladite surface de reference 
statique possedant une premiere zone pour af- 
ficher une premiere portion de la structure d'ar- 
borescence comprenant une premiere pluralite 
de noeuds en detail, et une deuxieme zone 
pour afficher des deuxiemes portions de ladite 
structure d'arborescence, comprenant une 
deuxieme pluralite de noeuds manquant de 
detail ; 

b) determiner (702, 703) la disposition de ladite 
structure d'arborescence relativement a ladite 
surface de reference statique ; 

c) etablir un trace (404) de ladite structure d'ar- 
borescence sur ladite surface de reference sta- 
tique sur la base de ladite disposition pour creer 
les donnees d'affichage de I'arborescence ; 

d) afficher (604) ladite structure d'arborescen- 
ce sur ladite surface de reference statique ; 

e) selectionner (605) un noeud souhaite parmi 
ladite deuxieme pluralite de noeuds affiches 
dans la deuxieme zone ; 

f) etablir une nouvelle fois un trace (607) de la- 
dite structure d'arborescence sur ladite surface 
de reference statique (300) pour amener le 
noeud selectionne au centre de la premiere 
zone ; et 

g) retourner a I'etape d). 

2. Procede selon la revendication 1 , dans lequel ladite 
etape e) comprend Taction de pointer sur ledit 
noeud souhaite au moyen d'un dispositif de com- 
mande de curseur (106). 



3. Procede selon la revendication 1 , dans lequel ladite 
etape b) comprend I'alignement dans des colonnes 
de differents niveaux de ladite structure d'arbores- 
cence. 

5 

4. Procede selon la revendication 1 , dans lequel I'eta- 
pe f) comprend Taction de faire defiler ladite struc- 
ture d'arborescence sur ladite surface de reference 
statique (300). 

10 

5. Systeme d'affichage commande par ordinateur 
pour visualiser une structure d'arborescence, 
comprenant : 

15 un moyen (1 02, 1 03) pour generer une surface 

de reference statique (300) sur laquelle est af- 
fichee ladite structure d'arborescence, ladite 
surface de reference statique possedant une 
premiere zone pour representer une premiere 
20 portion de ladite structure d'arborescence com- 

prenant une premiere pluralite de noeuds en 
detail et une deuxieme zone pour afficher des 
deuxiemes portions de ladite structure d'arbo- 
rescence comprenant une deuxieme pluralite 
25 de noeuds manquant de detail ; 

un moyen de generation de disposition (102, 
103) pour generer une disposition de ladite 
structure d'arborescence relativement a ladite 
surface de reference statique ; 
30 des moyens (1 02, 1 03) pour etablir un trace de 

ladite structure d'arborescence sur ladite sur- 
face de reference statique sur la base de ladite 
disposition pour creer les donnees d'affichage 
de I'arborescence ; 
35 un moyen d'affichage (1 07) pour afficher ladite 

structure d'arborescence sur ladite surface de 
reference statique ; et 

un moyen de commande de curseur (1 06) pour 
selectionner un noeud souhaite (605) parmi la- 
40 dite deuxieme pluralite de noeuds affiches 

dans la deuxieme zone, grace auquel les 
moyens (102, 103) pour etablir un trace de la- 
dite structure d'arborescence sont adaptes 
pour etablir une nouvelle fois un trace de ladite 
45 structure d'arborescence sur ladite surface de 

reference statique afin d'amener le noeud se- 
lectionne au centre de la premiere zone et de 
provoquer Taffichage par le moyen d'affichage 
du nouveau trace de la structure d'arborescen- 
50 ce. 

6. Systeme selon la revendication 5, comprenant en 
outre un moyen pour provoquer Tetablissement 
automatique d'un nouveau trace de ladite structure 

55 d'arborescence lorsqu'un noeud souhaite est selec- 
tionne. 

7. Systeme selon les revendications 5 ou 6, compre- 
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nant en outre un moyen pour mettre en evidence 
un chemin d'acces a un document dans ladite struc- 
ture d'arborescence. 

8. Systeme selon les revendications 5, 6 ou 7, com- 5 
prenant en outre un moyen pour autoriser I'afficha- 

ge d'un document depuis ladite structure d'arbores- 
cence. 

9. Systeme selon Tune quelconque des revendication 10 
5 a 8, comprenant en outre un moyen pour autoriser 

la consultation, aux fins de I'edition, d'un document 
de ladite structure d'arborescence. 

15 
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